INTRODUCTION
Aortic cross-clamping and cardioplegic arrest are essential techniques for cardiac operations, however, readmission of coronary flow by aortic declamping has been reported to induce a paradoxical extension of ischemic damage during cardioplegic arrest, the so-called ischemia-reperfusion injury [1] . Reversible and irreversible damage to the myocardium and endothelium induced by this phenomenon have been reported to be associated with a delayed recovery of myocardial metabolism and cardiac function [1, 2] . Activated neutrophils have been implicated as causing tissue destruction during reperfusion [1] [2] [3] .
Although the rate of neutrophil recruitment into the ischemic myocardium is greatest within the first hour of reperfusion, it is likely that the cumulative influx of neutrophils proceeds for several additional hours [4] . Adhesion of neutrophils to the endothelial cells is one of the important steps that leads to neutrophil infiltrate into the myocardium and subsequent reperfusion injury [5] . The adhesion of neutrophils consists of multiple steps facilitated by several species of adhesion molecules present both on neutrophils and endothelial cells [1, 5] . In the inflammatory response, neutrophils initially interact with endothelial cells via selectins (E-, P-, and L-selectin), which are responsible for tethering neutrophils [5] . Of the three mem- Significance was assumed at a probability level of less than 0.05.
RESULTS

Cardiac function
There were no significant differences in the base line cardiac function between the groups (Figs 2-5). Marked decreases in LVDP and dp/dt were observed in the control group during reperfusion and the levels were significantly (p<0.05) lower than those in the Sialyl LewisX analogue group at 15 min and 60 min of reperfusion (Figs 2 and 4) . The Sialyl LewisX analogue group resulted in significantly (p<0.05) less-dp/dt than the control group at 30 min and 60 min of reperfusion (Fig. 5 ). No significant difference was found in LVEDP between the groups at any time ( Fig. 3 ).
Myocardial oxygen consumption (MVO2)
There was no significant difference in the base line MVO2 between the groups (Fig. 6 ). The levels of Fig. 4 . dp/dt observed at the left ventricular balloon volume of 0.05 ml. Marked decrease in dp/dt was observed in the control group during reperfusion and the levels were significantly (p< 0.05) lower than those in the Sialyl LewisX analogue group at 15 min and 60 min of reperfusion. Control : control group; SLX : Sialyl LewisX analogue group; dp/dt : positive maximum rate of left ventricular pressure rise; base : before ischemia; 6 ).
Endothelial function
There were no significant differences in the levels of C. flow and NO prod. between the groups Fig. 5. -dp/dt observed at the left ventricular balloon volume of 0.05 ml. The Sialyl LewisX analogue group resulted in significantly (p<0.05) less -dp/dt than the control group at 15 min and 60 min of reperfusion. Control : control group; SLX : Sialyl LewisX analogue group; -dp/dt : negative maximum dp/dt; base : before ischemia; 15 m : 15 min of reperfusion; 60 m : 60 min of reperfusion Bar heights represent mean; error bars represent SE p=0.008) ( Fig.  12 ).
DISCI JSSTON
Adhesion of neutrophils to the endothelial cells is one of the important steps that lead neutrophil to infiltrate into the myocardium and contribute to reperfusion injury [1 ,5] . The adhesion of neutrophils consists of multiple steps facilitated by several species of adhesion molecules present both on neutrophils and endothelial cells [1, 5] . Studies using monoclonal antibodies against adhesion molecules, that are present on neutrophils and endothelial cells, demonstrated that the anti-adhesion therapy was beneficial at least at the experimental level [18] [19] [20] [21] . In a feline model, anti-L-selectin monoclonal antibody and anti-P-selectin monoclonal antibody attenuated myocardial necrosis [1 8,19] . In a canine model, anti-CD 11 b/CD 18 monoclonal antibody and anti-ICAM-1 monoclonal antibody also reduced infarct size [20, 21] . The use of antibodies to block adhesion molecules in vivo, however, may be potentially limited by the deleterious effects of the antigen/antibody complexes which are formed at the endothelial cell surface, possibly through Fc receptor mechanisms. The phenomenon may result in adverse long-term outcomes similar to vascular rejection processes and accelerate atherosclerosis as seen in cardiac transplant recipients [22] . A different approach to prevent neutrophil adhesion is the development of soluble substances that saturate the adhesion molecules. Of these, Sialyl LewisX, a small sugar moiety, has low antigenicity and is a major ligand for all three selectin family members [9] . It has been proven that Sialyl LewisX was even more cardioprotective than individual monoclonal antibodies directed to a single selectin [10, 11] . In isolated neonatal lamb hearts, Schermerhorn and colleagues have demonstrated that Sialyl LewisX analogue (40 mg/l) added to blood perfusate before ischemia reduced myocardial neutrophil accumulation and contractile dysfunction after hypothermic cardioplegic arrest [23] . Tofukuji and colleagues also have demonstrated that the agent (40 mg/kg), administered intravenously before reperfusion, reduced neutrophil infiltration and endothelial injury in the coronary and cerebral microvasculature after cardiopulmonary bypass, whereas it influenced neither perfusion nor function of the myocardium and brain [24] .
In the present study, we found that intermittent antegrade infusion of warm blood cardioplegia supplemented with Sialyl Lewisx analogue preserved left ventricular systolic (dp/dt) and diastolic (-dp/dt) function and endothelial function better than the control group during reperfusion. Because MPO is found almost exclusively within neutrophils, the increased MPO activity in a certain tissue is regarded as an index of neutrophil infiltration [16] . Increased infiltration and accumulation of activated neutrophils into myocardial tissue during ischemia-reperfusion is considered to be an important mechanism that con-tributes to the reperfusion injury. We, therefore, measured myeloperoxidase activity as a marker for neutrophil accumulation. Histological evidence of neutrophil infiltration has been reported to be correlated with the content of myocardial MPO activity [16] . The lower MPO activity in the myocardial tissue found in the present study, therefore, indicated the inhibition of neutrophil-mediated reperfusion injury by Sialyl Lewis x analogue.
The inhibitory effect of the agent on reperfusion injury may be mainly due to the preservation of endothelial function, because it has been shown that endothelial dysfunction occurs within 2.5-5 min of reperfusion [25] , and leads to the upregulation of Pselectin within 10-20 min [19]. Mullane et al. [4] have demonstrated in an ischemia and reperfusion model that the adhesion of neutrophils to the endothelium occurred within 30 min of reperfusion, whereas the transition of neutrophils to the myocardium was observed after 1 hour of reperfusion. It has been suggested that a significant degree of myocardial tissue injury may be amplified later by neutrophils adhering to myocytes [3] , and the damage assessed by either elevated plasma CK activities or increasing mass of necrotic tissue was evident after longer reperfusion periods (3-4.5 h) [25] . Both oxygen-free radical production [26] and release of proteolytic enzymes from neutrophil granules [27] have been shown to be mediated by CD 11 1b/CD 18dependent adhesion of neutrophils. These relationships are supported by the clinical observation of a temporal relationship between CD 11 1b/CD 18 expression and a rise in plasma levels of elastase [28] . Because the integrins mediate the firm adhesion at a later stage, our sampling point might have been too early to assess the firm adhesion and infiltration of neutrophils. We believe that this may explain why no differences were found in the ELAS, TBARS, and CKMB levels between the ~rouns.
It has been proven that effects of Sialyl Lewisx were dose-dependent [10, 29] . In our experiments, although we used considerably lower dose (3.75-4.3 mg/kg) than other global ischemia reperfusion models (40 mg/kg or 40 mg/l) [23, 24] , our results demonstrated similar effects of the agent. In the previous studies, Sialyl Lewisx was given systemically in a single-dose either before ischemia or immediately before reperfusion. According to David and coworkers, endothelial P-selectin expression, that recruit the first wave of neutrophils, was already induced during hypoxia [30] . Moreover, the half-life of Sialyl Lewisx in blood is considerably short (15-30 min) [10, 1 1,31] . In the present study, the administration of the drug was instituted at the onset of ischemia. And the coronary vasculature was replenished with the drug every 20 min during ischemia. We believe that this manner of administration was associated with a similar inhibitory effects on reperfusion injury despite of the lower-dose.
A major limitation of the present study is the limited duration of reperfusion. It would be necessary to study the effects of Sialyl Lewisx analogue on reperfusion injury for a longer period during reperfusion, because there is a possibility that the drug merely delayed the onset of myocardial injury. Thus, the results might have been different if we had investigated its effect at later period of reperfusion. In summary, the results suggested that selectinmediated endothelial-leukocyte interactions may play an important role in the myocardial ischemia and reperfusion injury that is frequently observed in clinical cardiac operations. Warm blood cardioplegia supplemented with Sialyl Lewisx analogue preserved left ventricular function, and endothelial function by an inhibition of selectin-mediated endothelial-leukocyte interactions during early reperfusion period. 
EFFECTS
